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X-BAND ACCELERATOR TECHNOLOGY
X-band accelerator development has gained great momentum in the last ten years, motivated by the need for high-gradient accelerators for the future linear colliders in high-energy physics research [31. Design of accelerator cells [4] , manufacturing [51, and characterization technique [6] have been developed. In the industrial [71 and medical [I21 fields, there are obvious advantages for using frequencies higher than the S-band range that is prevalent in these applications. The dominant factor is the compactness of the accelerator with the attendant reduction in weight. Consequently, the linac motion can be precisely controlled. By implementing the X-band technology, one can use a shorter length for a given power to achieve a certain electron beam energy. The reasons for this are two-fold. First, the shunt impedance per unit length is higher than that of S-band. Second, the maximum permissible electric field strength is also higher. The frequency dependence of these accelerator parameters is listed in Table 1. 'Email: shanna@smsacs.com 0-7803-5573-3/99/$10.00 @ 1999 IEEE.
The linac is composed of two colinear accelerator sections. The energy of the electron beam is changed by varying the power to the second section. This is done through a phasing technique using movable shorts driven by motors controlled by the energy control system. Thus, the Mobetron can deliver multiple electron energies, namely, 4 MeV, 6 MeV, 9 MeV, and 12 MeV at two dose rate settings (250 cGy/min and 1000 cGy/min). The electron beam exits the accelerator through a thin titanium vacuum window.
Siemens Medical Systems, Inc. -Oncology Care Systems (OCS), is manufacturing the Mobetron as well as marketing it in collaboration with Intraop Medical, Inc. 
Stereotactic Radiosurgery
Another important application for the X-band technology is stereotactic radiosurgery. Accuray Oncology has developed the CyberKnife [2] . This machine uses an image-guided robotic system to precisely deliver an X-ray beam to focal lesions. It integrates treatment planning, imaging, and delivery components, all of which are controlled by a Workstation. The CyberKnife uses a compact X-band 6MeV Linac operating at 9.3GHz and weighing 285 Ibs. The relatively lightweight Linac makes it possible for the robotic arm canying it to be accurately positioned. Fig.2 shows the CyberKnife [8]. 
HIGH POWER MICROWAVE SOURCES
The S-band has been the prevailing frequency range for linacs in medical and industrial applications. This is mainly attributed to the availability of high power microwave sources in this frequency range. Recently there have been efforts in the area of development for the X-band sources. The RF high-power source for both the Mobetron and the CyberKnife linacs is the 1.5 MW pulsed magnetron (PM-1100X). The California Tube Laboratory, Inc, builds this tunable magnetron; it is shown in Fig. 3 . Other efforts for developing X-band sources include the tunable 1.5MW X-band currently in development at EEV and the 4 MW klystron by Mitsubishi 
